The effect of fireworks on the air quality was assessed from the ambient concentrations of various air pollutants (SO 2 , NO 2 , PM 10 and TSP) during Diwali festival in Hisar city (India), in November 1999. The extensive use of fireworks was found to be related with short-term variation in air quality. During the festival the concentration of SO 2 was observed to be increased ~10 -fold at few sites, whereas the concentrations of NO 2 , PM 10 and TSP increased 2-3 times, compared to the data collected on a typical winter day in December 1999. The maximum NO 2 concentration was observed a day after the festival. The diurnal pattern of the above pollutants showed a slight increase in the night. The levels of these pollutants observed during Diwali were found to be moderately high, which can be associated with serious health impacts.
Excess emergency hospital admissions have been reported during Diwali festival related to burn hazards and increased asthma attacks. Particulate matter and the sulphur oxides aggravate the conditions of asthma and bronchitis [13] [14] . Studies 15-16 on the short-term exposure to high pollution concentration suggest a higher prevalence of bronchitis, asthma, and other symptoms, and hence, found to be related with the increase in emergency room visit in hospitals [17] [18] [19] [20] .
Trapping of pollutants, due to atmospheric inversion under cold conditions during Diwali, promotes the formation of smog that stays close to the ground for long time before its dispersion into the atmosphere. Smog may worsen the condition of patients with lung, heart and nervous system diseases.
The objective of present study is to assess the short-term variation in the ambient concentration of SO 2 , nitrogen dioxide (NO 2 ), total suspended particles (TSP) and PM 10 associated with firework events at different location in Hisar city during Diwali festival, in the year 1999, from 5 th to 9 th of November. The health effects of short-term exposure to these pollutants have been discussed. To assess the daily variations in air quality, the diurnal pattern was also studied. Finally the ambient air quality was compared with that of a typical winter day of December 1999.
Experimental
A total of four sampling sites were selected in Hisar city (29 0 10" N, 75 0 46" E, 215.2 meter above mean sea level) on the bases of differential population characteristics (Fig. 1) . The district civil hospital (CHP) was selected as sensitive area, and three different residential locations selected were, Sector-13 (S13), which represent densely populated with moderately financially rich population, Guru Jambheshwar University (GJU), primarily institutional and partially residential area and the Sector-15 (S15) densely populated area with mostly financially rich population. 
Results and Discussion
Burning of sulfur nitrates, magnesium, aluminium, paper and host of other materials contained in crackers and fireworks produces air pollution during Diwali. The full composition and the relative concentration of the various gaseous vapours and particulate pollutants emitted is not known. However, SO 2 , NO 2 , and particulate matter (specially PM 10 ) are of special interest, as they are known to be potentially injurious to the respiratory passages and other health effcets 3, 17 .
The metrological parameters during Diwali and after Diwali are presented in Table 1 , which shows that the metrological conditions during both monitoring periods were almost identical and can be used for the comparison of the air quality data. Further the atmosphere was stable with no inversion, which support a low lapse rate. During the monitoring period the weather was sunny with out any clouds cover. NE & NNE were the prevailing wind directions recorded.
Sulphur dioxide
In general, firecrackers contain 75 % potassium nitrate, 15 % carbon (C), and 10 % sulfur (S). Potassium nitrate is a strong oxidising agent, when burnt with C and S, it release gases such as CO 2 and SO 2 . The site-specific daily average concentration of SO 2 before Diwali varied from 6.4 µg/mten times (36.1 µg/m 3 ) at S15 site and increased approximately four times (14.5 µg/m 3 ) at S13
site to its concentration during a typical winter day 22 (Table 2) 10 concentration was observed a day after the festival (Fig. 4) . Even on a typical day of winter, the level of particles was reported to be very high in Hisar city (Table 2) , which seems to be related with the fact that it has semi desert climate with less vegetation cover and fine soil structure 22 . The higher concentration of PM 10 in inhaled air has more possibility of these particles to reach deep in lungs. Entry of particles into lungs is dangerous, because they can carry a complex mixture of toxic pollutants from fireworks. Michie et al. 34 have also studied effect of PM 10 particles on paediatric respiratory diseases following community fireworks. There are reports on the decrements in peak expiratory flow rates in children, in relation with PM 10 concentration 35 .
Reviews and analysis of epidemiological literature for acute adverse effects following exposure to particulates have been presented by Pope et al. 36 Schwartz et al. 37 Dockery et al. 38 and other teams 39 estimate these effects as percent increase in mortality associated with each incremental increase of PM 10 by 10 µg/m 3 (Table 5 ). Individuals, who were elderly or had preexisting lung, or heart disease, appeared to be more susceptible than others to adverse effects of PM 10 . During Diwali period, concentration of suspended particles in air has been found to be double to its concentration on a typical winter day, although the meteorological conditions were very similar. Clark 40 , has also reported a dramatically short term (hourly average) increase in the particle level, which originated from bonfires and fireworks across England and Wales. Further the PM 10 levels were strongly influenced by local conditions, i.e. how close the sites were to large bonfires, and weather changes.
TSP concentration exceeded the maximum prescribed limits at all the sites (Table 3) .
Before Diwali, the daily average concentration ranged from 268 µg/m 3 (GJU) to 473 µg/m 3 (S13). On Diwali the maximum concentration of 542 µg/m 3 was noted at S15 (Fig 5) . The TSP concentration at Diwali was approximately double of the maximum prescribed limit, i.e. 200 µg/m 3 for residential area. After Diwali the TSP concentration slightly decreased. Babu et al. 41 have also observed a large increase in the black carbon concentration by a factor of over 3 above the unperturbed background level at a remote costal location, associated with the Diwali festival in 2000.
The diurnal pattern for the concentrations of TSP and PM 10 does not show significant changes during day and night (Table 2 ). In general, the particle concentration seems to be doubled reported during a typical winter day. Highest concentration of pollutants was noted at S15, which seems to be related with the economic status of the citizens of that locality and dense population.
The short-term exposure of these pollutants above the permissible allowable limits can increase the likelihood of acute health effects. Hence, there is a need exist to determine this proportion and to control this pollution. Further this scientific study also corroborate the general feeling of creating a strong public opinion to celebrate festival like Diwali, New Year etc. in an environmentally friendly manner. 
